Introduction
============

Overlapped delta-shaped anastomosis is a newly developed intracorporeal procedure in totally laparoscopic surgery for colon cancer.[@b1-ott-12-669] This procedure is performed intra-corporeally by forming a side-to-side anastomosis using only laparoscopic linear staplers, and it has been shown to be safe, effective and less invasive than traditional surgery.[@b2-ott-12-669],[@b3-ott-12-669] However, performing overlapped delta-shaped anastomoses can be difficult for beginners because these procedures often require surgeons who have extensive experience in this technique and excellent operating skills. With the development of laparoscopic equipment, three-dimensional (3D) laparoscopy has overcome the shortcomings of conventional two-dimensional (2D) laparoscopy, providing surgeons with stereoscopic vision, in which depth perception is achieved using different unique images received by each eye.[@b4-ott-12-669]--[@b6-ott-12-669] Therefore, we retrospectively compared the safety and efficacy of 3D totally laparoscopic surgery for colon cancer using overlapped delta-shaped anastomosis and its short-term outcomes with those of 2D laparoscopy.

Materials and methods
=====================

Patients
--------

From January 2016 to March 2018, 97 patients who were diagnosed with colon cancer and prepared to be treated by laparoscopic surgery at the Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, People's Republic of China were divided into two groups: the 3D group (43 patients), who underwent 3D totally laparoscopic surgery for colon cancer using overlapped delta-shaped anastomosis, and the 2D group (54 patients), who underwent 2D totally laparoscopic surgery for colon cancer using overlapped delta-shaped anastomosis.

The inclusion criteria were: 1) 18--80 years of age at diagnosis; 2) body mass index (BMI) between 18.5 and 30 kg/m^2^; 3) pathological diagnosis of ascending, transverse or descending colon adenocarcinoma by colonoscopy and 4) no distant metastasis determined by chest and abdominal computer tomography. The exclusion criteria included: 1) multiple colorectal primary carcinomas; 2) uncontrolled diabetes mellitus, immune system diseases or hematological diseases; and 3) severe intestinal obstruction. Every patient gave written informed consent for surgery, and the study was conducted in accordance with the principles of the Declaration of Helsinki. The protocol was approved by the Ethical Committee of the Cancer Hospital (Institute), Chinese Academy of Medical Sciences, Beijing, People's Republic of China (Approval number NCC2017WJP-002).

Surgical procedures
-------------------

The 3D group used the Olympus HD 3D laparoscopic surgery system, and both surgeons and assistants wore 3D glasses. The 2D group used the Olympus HD laparoscopic procedure system. The two groups used the same surgical method.

Under general anesthesia, all patients were placed in the supine lithotomy position, and a five-port technique was used as described previously.[@b1-ott-12-669] Relevant colons were mobilized from their retroperitoneal attachments according to the principle of complete mesocolic excision. Vessels were isolated and doubly ligated with a laparoscopic blunt tip vessel sealer or divider. D3 lymph node dissection was performed in all patients.

All patients underwent overlapped delta-shaped anastomosis during the procedure: the proximal and distal intestines were transected with two 60-mm linear staplers approximately 10 cm from the tumor ([Figure 1A](#f1-ott-12-669){ref-type="fig"}). Resected specimens were collected and stored in specimen bags immediately, and the remnant intestines were evaluated to ensure that they were with adequate blood supply and closed without tension. The proximal and distal intestines were fixed in an overlapped fashion approximately 8 cm long using a piece of absorbable suture to facilitate anastomosis. Two small incisions (10 mm) were made at one broken end and at the related intestinal wall of the other colon. After confirmation that there was no bleeding or intestinal mesentery volvulus, the two intestinal walls at the reversed mesenteric side were approximated and joined with a 60-mm linear stapler ([Figure 1B](#f1-ott-12-669){ref-type="fig"}). The warehouse was first placed in the small incision at one broken end of the intestine, the jaws closed temporarily and then the jaws opened before covering the screw anvil using the other broken end of the intestine, which is grasped to cover the screw anvil after the jaws are opened. No attempt was made to place the warehouse and screw anvil into the small incisions simultaneously. Three interrupted sutures were applied to pull the enterotomy, and the enterotomy was then closed with the application of another 60-mm linear stapler ([Figure 1C](#f1-ott-12-669){ref-type="fig"}). The staple line in the anastomotic stoma appeared as a curving obtuse triangle after the digestive tract reconstruction was completed ([Figure 1D](#f1-ott-12-669){ref-type="fig"}). The specimen was removed either from the anus, the abdominal scar of the previous surgery or a 5--6-cm Pfannenstiel incision that was made above the symphysis pubis at the border of the pubic hair ([Figure 2](#f2-ott-12-669){ref-type="fig"}).

Evaluations
-----------

The clinical characteristics, including age, gender, BMI, tumor location, American Society of Anesthesiologists score, previous abdominal operation history and preoperative chemotherapy, were analyzed. The collected surgical outcomes included the operative time, the blood loss anastomosis time and the removal method of the specimen. The resected specimens were reviewed by two pathologists, and the proximal resection margins, distal resection margins, number of harvested lymph nodes, tumor size and pathological TNM stages (eighth edition) were recorded. The length of the lesion signified the size of the tumor. The factors associated with postoperative recovery, including the average time to ground activities, first flatus, first defecations, postoperative hospitalization and postoperative visual analog scale scores on postoperative days 1, 3 and 5 (POD1, POD3, POD5), were compared. The short-term postoperative complications, such as anastomotic bleeding, anastomotic stenosis, anastomotic leakage, abdominal infection, pulmonary infection, incision infection and bowel obstruction, were recorded.

Follow-up
---------

The first day after surgery represented the beginning of the follow-up period. Patients were routinely followed up at outpatient clinics at 2 weeks after discharge and every 3 months after the operation. The deadline of the follow-up period was April 1, 2018.

Statistical analysis
--------------------

Statistical analysis was performed with SPSS software, version 22.0 for Windows (IBM Corporation, Armonk, NY, USA). Quantitative variables are presented as the mean and standard deviations, and were compared with the Student's *t*-test. Qualitative variables are given as the number and percentage, and were compared with the *χ*^2^-test. *P*-values less than 0.05 were considered statistically significant.

Results
=======

General data
------------

A total of 97 patients were enrolled in the study, and no cases were lost to follow-up by April 1, 2018. There were no significant differences in terms of age, gender, BMI, American Society of Anesthesiologists scores, previous abdominal operation history and preoperative chemotherapy between the 3D and 2D groups (*P*\>0.05). The details of the clinical characteristics are shown in [Table 1](#t1-ott-12-669){ref-type="table"}.

Surgical and pathological findings
----------------------------------

All patients underwent laparoscopic radical surgery and one-stage anastomosis without conversion to open surgery. The operation time (131.9±42.3 min vs 127.1±36.6 min, *P*=0.555) and intraoperative blood loss (54.7±48.4 mL vs 48.0±45.5 mL, *P*=0.512) were similar between groups. The mean anastomosis time for the 3D group was 13.2±3.0 min, significantly shorter than the 15.0±3.0 min for the 2D group (*P*=0.004). There were no differences in the length of the proximal resection margins (9.1±1.7 cm vs 9.3±2.0 cm, *P*=0.692) and distal resection margins (10.6±2.5 cm vs 10.2±3.3 cm, *P*=0.562). All patients underwent a D3 lymph node dissection, and the number of lymph nodes retrieved in the 3D and 2D groups were 21.1±7.7 and 22.3±9.4 per patient, respectively (*P*=0.483). There were no differences in the removal method of the specimen (*P*=0.802), tumor size (*P*=0.269) and tumor TNM stage (*P*=0.772). The operative and pathological details are provided in [Table 2](#t2-ott-12-669){ref-type="table"}.

Postoperative recovery and complications
----------------------------------------

As shown in [Table 3](#t3-ott-12-669){ref-type="table"}, no significant differences were observed between the groups in terms of the time to ground activities (1.2±0.4 days vs 1.3±0.5 days, *P*=0.222), first flatus (3.1±0.7 days vs 3.3±0.9 days, *P*=0.277), first defecations (5.3±0.9 vs 5.6±1.0 days, *P*=0.130) or postoperative hospitalization (6.9±1.1 days vs 6.6±0.9 days, *P*=0.096). Moreover, the postoperative visual analog scale scores were similar between the 3D and 2D groups on POD1 (4.3±0.9 vs 4.5±1.0, *P*=0.155), POD3 (2.9±0.7 vs 3.1±0.8, *P*=0.116) and POD5 (0.7±0.6 vs 0.8±0.7, *P*=0.280).

The overall rate of complications was comparable between the groups (14.0% vs 11.1%, *P*=0.673) ([Table 3](#t3-ott-12-669){ref-type="table"}). No mobility related to the anastomosis, such as anastomotic bleeding, stenosis and leakage, occurred in any patient. Four patients in the 3D group and five patients in the 2D group suffered from incision infections. Two patients in the 3D group suffered pulmonary infection due to age and smoking history. All of these complications resolved successfully. In addition, one patient in the 2D group suffered an abdominal infection on the basis of an abdominal chyle leak, and the patient was managed successfully by conservative treatment that included fasting, parenteral nutrition, somatostatin and intravenous antibiotic.

Discussion
==========

Colorectal cancer in People's Republic of China has increased in incidence rapidly and has become the fifth most commonly diagnosed cancer among men and the fourth most common among women.[@b7-ott-12-669] Surgery remains the standard treatment for colorectal cancer with curative intent. Clinical application of laparoscopic surgery is becoming increasingly widespread with the advantages of fewer injuries, earlier postoperative recovery and lower complication rates compared to those of open surgery.[@b8-ott-12-669],[@b9-ott-12-669] The performance of totally laparoscopic surgery for colon cancer with intracorporeal anastomosis has been described in several studies, and it is expected to be less invasive than laparoscopic-assisted surgery with extracorporeal anastomosis.[@b10-ott-12-669],[@b11-ott-12-669]

Overlapped delta-shaped anastomosis is a new procedure. Different from previous totally laparoscopic surgeries,[@b12-ott-12-669] we use three interrupted sutures to pull the enterotomy and then close the enterotomy using another 60-mm linear stapler instead of a running suture. We think the application of linear stapler can decrease the risk of anastomosis leakage and three interrupted sutures are more time-saving than a running suture. We applied the technique of overlapped delta-shaped anastomosis in totally laparoscopic treatment for colon cancer and verified its efficacy and safety.[@b1-ott-12-669] For overlapped delta-shaped anastomosis, disarticulation and anastomosis do not need to be performed extracorporeally; therefore, a smaller portion of the intestines is required to be freed laparoscopically. In addition, this anastomosis technique does not limit the location of the incision, so smaller Pfannenstiel incisions can be used using this technique; it is less invasive, gives better cosmetic results and can decrease the incidence of incisional hernias.[@b13-ott-12-669],[@b14-ott-12-669] Above all, this procedure is associated with fewer complaints of postoperative pain and leads to earlier postoperative recovery. However, due to the lack of stereoscopic vision, overlapped delta-shaped anastomosis by 2D laparoscopy may be difficult for beginners, who must identify anatomical structures, judge distances between tissues, and find and separate tissues at the anatomical level.

With advances in the technique, 3D laparoscopy has been developed as an alternative to conventional 2D laparoscopy. 3D laparoscopy is a dual-lens system in which two separate lenses are present within a single laparoscope along with two cameras. Each camera captures images that are then displayed and synchronized on a video monitor.[@b15-ott-12-669] Compared with 2D laparoscopy, it is easier to precisely grasp tissue, dissect tissue, separate tissues, stop bleeding and ligate vessels because 3D laparoscopy offers the surgeon a better depth of field and hand--eye coordination. Many obvious advantages of 3D laparoscopy have been reported: Sørensen et al[@b16-ott-12-669] found that 3D laparoscopy appeared to improve the speed and reduced the number of performance errors compared to 2D laparoscopy; Sinha et al[@b17-ott-12-669] found that in gynecological surgery, 3D laparoscopy took less time than 2D laparoscopy, enhanced the skills of a good surgeon and shortened the learning curve of a novice surgeon; and Currò et al[@b18-ott-12-669] found that the task of "side-to-side ileotransverse anastomosis" was a more time-saving procedure for 3D laparoscopy in laparoscopic right hemicolectomy.

We applied the technique of overlapped delta-shaped anastomosis in 3D totally laparoscopic surgery for colon cancer and compared its short-term effects with those of 2D laparoscopy. Overlapped delta-shaped anastomosis demands a high degree of spatial perception because of its more difficult procedures, such as suturing and knotting, compared to conventional extracorporeal anastomosis. We found that the anastomosis time was significantly shorter in the 3D group than in the 2D group (*P*=0.004), and we attributed this difference to the remarkable precision, accuracy and depth perception of 3D laparoscopy. There were no differences in terms of the operation time and blood loss, which are important evaluation parameters, possibly because of the relatively small number of patients and our rich experience in 2D laparoscopic surgery for colon cancer. There was also no significant difference in the number of lymph nodes retrieved in the 3D and 2D groups; however, the number of lymph nodes retrieved for both groups met the demands of the TNM cancer staging system set by the International Union Against Cancer and the American Joint Committee on Cancer that state that accurate pathological staging requires more than 12 lymph nodes examined in resected specimens.[@b19-ott-12-669] In terms of postoperative recovery and complication rates, no differences were found between the 3D and 2D groups (*P*\>0.05). Overlapped delta-shaped anastomosis is a new anastomotic technique; therefore, complications related to the anastomosis were the main concerns of our study. It is fortunate that no patient suffered any mobility related to the anastomosis, such as anastomotic bleeding, stenosis or leakage. In addition, adequate mechanical bowel preparation before surgery plus use of an aseptic technique to the greatest extent possible resulted in no abdominal infections in any patient, despite the fact that the overlapped delta-shaped anastomosis is performed intracorporeally.

This was a retrospective study of short-term effects, and the presented outcomes were from a single surgeon and a relatively small number of patients. Therefore, prospective randomized controlled trials from multiple centers with larger sample sizes and longer follow-up periods are needed to validate our results.

Conclusion
==========

We found that the use of 3D totally laparoscopic surgery for colon cancer using overlapped delta-shaped anastomosis was safe and effective, with satisfactory short-term outcomes. We also found that 3D laparoscopy is more time-saving than 2D for the procedure of overlapped anastomosis.
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![Surgical procedures of overlapped delta-shaped anastomosis in laparoscopic surgery for colon cancer.\
**Notes:** (**A**) Disarticulation of the intestines was performed with a linear stapler. (**B**) The two intestinal walls were approximated and joined. (**C**) The enterotomy was closed with one linear stapler. (**D**) Digestive tract reconstruction under total laparoscopy was completed.](ott-12-669Fig1){#f1-ott-12-669}

![Pfannenstiel incision made 2--3 cm above the symphysis pubis at the border of the pubic hair.](ott-12-669Fig2){#f2-ott-12-669}

###### 

Clinical characteristics of patients

                                        3D group (n=43)   2D group (n=54)   *P*-value
  ------------------------------------- ----------------- ----------------- -----------
  Age, mean±SD (years)                  58.3±10.6         56.0±10.9         0.291
  Gender, n (%)                         0.234                               
   Male                                 29 (67.4)         30 (55.6)         
   Female                               14 (32.6)         24 (44.4)         
  BMI, mean±SD (kg/m^2^)                24.4±3.0          23.8±2.9          0.346
  Tumor location, n (%)                 0.880                               
   Ascending colon                      28 (65.1)         33 (61.1)         
   Transverse colon                     5 (11.6)          6 (11.1)          
   Descending colon                     10 (23.3)         15 (27.8)         
  ASA score, n (%)                      0.829                               
   1                                    32 (74.4)         38 (70.4)         
   2                                    9 (20.9)          12 (22.2)         
   3                                    2 (4.7)           4 (7.4)           
  Previous abdominal operation, n (%)   0.757                               
   Yes                                  11 (25.0)         15 (27.8)         
   No                                   33 (75.0)         39 (72.2)         
  Preoperative chemotherapy, n (%)      0.409                               
   Yes                                  6 (14.0)          11 (20.4)         
   No                                   37 (86.0)         43 (79.6)         

**Abbreviations:** 2D, two-dimensional; 3D, three-dimensional; ASA, American Society of Anesthesiology; BMI, body mass index.

###### 

Comparison of the operative and pathological outcomes between the 3D and 2D procedures

                                                 3D group (n=43)   2D group (n=54)   *P*-value
  ---------------------------------------------- ----------------- ----------------- -----------
  Operation time, mean±SD (min)                  131.9±42.3        127.1±36.6        0.555
  Anastomosis time, mean±SD (min)                13.2±3.0          15.0±3.0          0.004
  Intraoperative blood loss, mean±SD (mL)        54.7±48.4         48.0±45.5         0.512
  Removal method of the specimen, n (%)          0.802                               
   Anus                                          6 (14.0)          6 (11.1)          
   Abdominal scar                                4 (9.3)           7 (13.0)          
   Pfannenstiel incision                         33 (76.7)         41 (75.9)         
  Proximal resection margin, mean±SD (cm)        9.1±1.7           9.3±2.0           0.692
  Distal resection margin, mean±SD (cm)          10.6±2.5          10.2±3.3          0.562
  Number of lymph nodes retrieved, mean±SD (n)   21.1±7.7          22.3±9.4          0.483
  Tumor size, mean±SD (cm)                       3.9±1.9           3.5±1.1           0.269
  *p*TNM stage, n (%)                            0.772                               
   I                                             5 (11.6)          5 (9.3)           
   II                                            18 (41.9)         20 (37.0)         
   III                                           20 (46.5)         29 (53.7)         

**Abbreviations:** 2D, two-dimensional; 3D, three-dimensional; *p*TNM, pathological tumor node metastasis.

###### 

Comparison of surgical recovery and complications between the 3D and 2D procedures

                                                  3D group (n=43)   2D group (n=54)   *P*-value
  ----------------------------------------------- ----------------- ----------------- -----------
  First ground activities, mean±SD (days)         1.2±0.4           1.3±0.5           0.222
  First flatus passage, mean±SD (days)            3.1±0.7           3.3±0.9           0.277
  First defecating time, mean±SD (days)           5.3±0.9           5.6±1.0           0.130
  Postoperative hospitalization, mean±SD (days)   6.9±1.1           6.6±0.9           0.096
  Postoperative mean VAS±SD (n)                                                       
   POD1                                           4.3±0.9           4.5±1.0           0.155
   POD3                                           2.9±0.7           3.1±0.8           0.116
   POD5                                           0.7±0.6           0.8±0.7           0.280
  Postoperative complications, n (%)              6 (14.0)          6 (11.1)          0.673
   Anastomotic bleeding                           0 (0.0)           0 (0.0)           
   Anastomotic stenosis                           0 (0.0)           0 (0.0)           
   Anastomotic leakage                            0 (0.0)           0 (0.0)           
   Abdominal infection                            0 (0.0)           1 (1.9)           
   Pulmonary infection                            2 (4.7)           0 (0)             
   Incision infection                             4 (9.3)           5 (9.2)           
   Bowel obstruction                              0 (0.0)           0 (0)             

**Abbreviations:** 2D, two-dimensional; 3D, three-dimensional; POD, postoperative day; VAS, visual analog scale.
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